We consider the analogue of the fixed point theorem of A. Borel in the context of Tate cohomology. We show that for general compact Lie groups G the Tate cohomology of a G-CW complex X with coefficients in a field of characteristic 0 is in general not isomorphic to the cohomology of the fixed point set, and thus the fixed point theorem does not apply. Instead, the following excision theorem is valid: if X ′ is the subcomplex of all G-cells of orbit type G/H where dim H > 0, and V is a ring such that for every finite isotropy group H the order |H| is invertible in V , then
Introduction
The fixed point theorem of A. Borel states that for Abelian groups G and for suitable coefficients V the localised Borel equivariant cohomology S −1 H * G (X; V ) of a finite G-CW complex is isomorphic to the tensor product H * (F ; V ) ⊗ S −1 H * (BG; V ) of the cohomology of the fixed point set F and the localised equivariant cohomology of a point [7, Proposition 1] . Thus, in this case, the cohomology of the fixed point set H * (F ) is completely determined by the localised equivariant cohomology of X. For nonabelian groups this is far from true since any finite complex K can be the fixed point set of a compact finite-dimensional G-space X with trivial equivariant cohomology [7] .
On infinite dimensional spaces it was shown by Goodwillie [5] that for G = T, the circle group, the localised T-equivariant Borel cohomology does not satisfy the fixed point theorem. Jones-Petrack [9] , [10] and Cencelj [2] constructed a completed localised T-equivariant cohomology which coincides with the classical Borel one on finite dimensional spaces, and for which the fixed point theorem holds also for infinite dimensional spaces and suitable coefficient rings. This cohomology essentially coincides with the special case of G = T of the generalised Tate cohomology H 8 N. Mramor Kosta [2] underlying Borel equivariant cohomology), which is defined generally, for any compact Lie group G. In this note we study the fixed point theorem for this cohomology, which we denote by H * G . We show that, as in the case of localised Borel equivariant cohomology, the fixed point theorem does not hold for infinite groups G, different from T. Instead, we prove the following excision theorem: Theorem 1. Let G be a compact Lie group, X a G-CW complex, and X ′ the subcomplex containing all cells of type G/H, where dim H > 0. If V is a ring such that for every finite isotropy group H the order |H| is invertible in V , then H *
The proof depends on the fact that the cohomology H * G (O; V ) of any orbit O = G/H, where H is finite and |H| is invertible in V , is trivial. We first prove this for the circle group G = T, and for the group G = U of unit quaternions (Proposition 1). These two cases have an additional geometric side since, for a smooth manifold X, the cohomology H * G(X; R) is expressible in terms of invariant differential forms on X. In addition, Tate cohomology H * G (X) of a G-CW complex X can be, in these two cases, computed from a nonequivariant cellular decomposition of X by [6, 10.3, 14.9] . This follows from two properties of these two groups. First, by [6, 14.1] and [3, Theorem 1], every G-CW complex X has a G-homotopy equivalent CW complex Y with an action of G such that the action map µ : G×Y → Y is cellular, which implies that GY n ⊂ Y n+d for all n, where d = 1 in the case of T and d = 3 in the case of U. It is not known which compact Lie groups have this property. Apart from finite groups and the groups T and U it has been shown for all toral groups [4] . Second, in these two cases the classifying space EG has a CW decomposition with cells only in dimensions apart by d, and therefore any G-CW complex is calculable in the sense of [6, 10.1] . In Section 2 we use nonequivariant cellular decompositions to compute the cohomology H * G (O) of the orbits O = G/H, where G is either T or U. In the case G = T this leads to a new proof of the fixed point theorem of [2] , and in the case G = U it follows that the fixed point theorem is not valid, and the excision theorem 1 follows.
In Section 3 we prove that for any compact Lie group G and any finite subgroup H such that the order |H| is invertible in the coefficient ring V the Tate cohomology H * G (G/H; V ) = 0. The proof follows from general properties of Tate cohomology. In Section 4, the proof of the excision theorem is given.
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Tate cohomology of orbits of T and U
Equivariant cohomology for the circle group T and the group of unit quaternions U has several geometric properties which justify a special treatment. Throughout this section, G will denote one of the groups T and U. [3] Generalised Tate cohomology 9
It is known [6] that, up to minor differences, H T (X) coincides with localised cyclic cohomology of Jones [8] , [9] . If X is a smooth T-manifold, then this cohomology with coefficients in a field of characteristic 0 (for example C) is expressible in terms of invariant differential forms on X. More precisely, H * T (X; C) is the cohomology of the complex Ω * T (X) [u, u −1 ] of invariant differential forms on X and u is of degree 2 with the differ-
is integration of differential forms along orbits of the action [9] . It was shown in [2] that this cohomology satisfies the fixed point theorem. Similarly, H * U (X; C) where X is a smooth U-manifold coincides with the cohomology of the complex Ω *
is again integration along orbits of the action.
In both cases, G = T and G = U, Tate cohomology H * G (X) of a G-CW complex X has a description in terms of a nonequivariant cellular decomposition of X. Let C(G) be the standard cellular chain complex of G ∼ = S r arising from the CW decomposition with one 0-cell and one r-cell, where r = 1 in case G = T and r = 3 in case G = U, and let z ∈ C r (G) correspond to the r-cell. The product π : G × G → G is a cellular map which, on the chain level, maps z ⊗ z to 0. 
for any coefficient ring V . Using this description we can compute the Tate cohomology of the orbits O = G/H, where H < G is a closed subgroup.
All closed subgroups of T, different from T, are finite cyclic groups. The isomorphism classes of closed subgroups of U consist of two 1-dimensional subgroups: the maximal torus T and its normaliser, and the following 0-dimensional subgroups: the cyclic groups Z/n, the quaternionic groups x, y | x n = y 2 , y −1 xy = x −1 , the special linear group SL 2 (F 3 ) (a lift of the tetrahedral subgroup of SO (3)), the special linear group SL 2 (F 5 ) (a lift of the icosahedral subgroup of SO (3)), and the lift of the octahedral subgroup of SO (3) [4] isomorphism class contains precisely one conjugacy class (this is proved for example in [3] ). It follows that on cohomology
Clearly J = 0 on elements of dimension 1, 2, and 3. Since the projection p : U → O = U/H is a m-fold covering projection, where m = |H|, the operator J maps an element [5] Generalised Tate cohomology 11 
Since U ∼ = S 3 is the universal cover of O, H 1 (O; Z) = Ab(H) is a torsion group, and the order, which divides m, is invertible in V so, by the universal coefficients theorem Proposition 2. For every closed subgroup H < U where dim H > 0 and any It follows from proposition 2 that the fixed point theorem for G = U is not valid. An orbit O = U/H where dim H = 1 is a U-CW complex with nontrivial Tate cohomology at least in dimension 0 for any coefficient ring. The fixed point set F of the action is empty, though, so clearly H * U (O; V ) = H * U (F ; V ).
Tate cohomology of orbits of general compact Lie groups
It remains to prove the theorem for general compact Lie groups. In order to do this, we shall show that proposition 1 is in fact valid for any compact Lie group G, that is, an orbit of type G/H where H is finite has trivial Tate cohomology with coefficients in any ring V such that the order |H| is invertible in V .
For a general compact Lie group G, the ordinary reduced G-equivariant Tate cohomology H * G (X; V ) of a G space X with coefficients in a π 0 (G)-module V is obtained by splicing the homology and cohomology of the Borel construction EG× G X. Formally it is defined in [6] in the following way. Let M be a Mackey functor, that is, an additive contravariant functor from the full subcategory of G-spectra containing as objects suspension spectra of orbits G/H + , such that M(G/e) = V , and let HM be the Eilenberg-MacLane G-spectrum of M, that is, the G-spectrum, unique up to homotopy, such that for each
